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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT NO. IL)iDO3

WIND-TUNNEL INVESTIGATION OF CONTROL-SURFACE CHARACTERISTICS

XVI - PRESSURE DISTRIBUTION OVER AN NACA 0009 AIRFOIL WITH
0.30-AIRFOIL-CEORD BEVELED-TRAILING~EDGE FLAPS

By H. Page Hoggard, Jr., and Marjorie E. Bulloch
SUMMARY

Pressure-distribution tests have been made in the
NACA L~ by 6-Ffoot vertical tunnel of a plain flap with
interchangeable beveled trailing edges on an
NACA 0009 airfoil. The flap chord was 30 percent of. the
alrfoll chord and the bevel chords were 15 and 20 percent
of the flap chord. The 15-percent bevel was tested with
the bevel corner faired with both large and small radii.
The purpose of thess tests was to supply pressure-~
distribution data that may be usecd for structural snd
aerodynamic design of horizontal and vertical tail sur-
faces, ’

The results are presented as diagrams of resultant
pressure coefficients and of increments of resultant
pressure coefficient for the airfoil with the flap having
beveled trailing edges. The dlggrams are presented for
the control surface with the gap at the flap nose sealed
and unsealed.

A comparison of the beveled-flap pressure data with
plain-flap data indicated that the addition of a bevel
reduced the pressures over the entire airfoil, including
the peak at the airfoil nose, and caused a reversal of
pressure over the beveled part of the flap. The
normal~force coefficient for the beveled-trailing-edge
flap was less than the coefficient for the plain-airfoil-
contour flap. The open gap produced a tendsncy toward
overbalance by decreasing the negative pressures over
the upper surface of a flap when deflected downward.

The results generally were in falr agreement with force-
test data previously published,
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INTRODUC TION

The National Advisory Committee for Aeronautics has
instituted an extensive Investigation of the aerodynamic
characteristics of various control surfaces. The force-~
test data from this investigation have been summarized in
reference 1. The two-~dimensionel pressure-distribution
data obtalned as part of the investigation have been
analyzed and the varietion with flap chord of the varlous
aerodynamlc characteristics of a flap has been pressnted
in reference 2,

T™wo-dimensional force tests have been previously run
on a similer model of an NACA 0009 airfoll with several
beveled tralling edges; the results of these tests are
presented in reference 3 (also summarized in reference 1).
From the results of these force tests of tralling-edge
shapes having varlous included traliling=sdge angles and
other airfoil tests, a method based on the included angle
at the tralling edge has been found for predicting the
values of hinge-moment parvemeters to be expected from a
bevsl, This correlation can be found in figure 150 of
reference 1,

The two-dimensional-Tlcw tests presented herein were
made to investigate the pressure acting on a control sur-
face with a beveled trailing edge. Such data should be
valuable for structural design of the control surfaces,
for explanation of the balsncing action of the bevel,
and for study of btoundary-layer conditions. The investi-
gation was mede at all angles of attack and flap deflec-
tions considered necessary for the structurasl design of
allerons, elevators, and rudders,

SYMBOLS

cr flap chord rearward of flap hinge axls, percent
airfoil chord
c chord of basic airfoil with flap neutral

q dynamic préssure of free air stream
° t

pressure cosfficient

x
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resultant pressure coefficient

increment of resultant pressure coefficient
static pressure at a point on airfoil
statlc pressure in free air stream

angle of attack for infinite aspect ratio
flap deflection

Mach number, ratlo of local velocity to speed of
sound

airfoll section normal-force coefficient (n/qc)

airfoil section pitchling-moment coefficient
about quarter-chord point of airfoil (m/qcz)

flap section normal-force coefficient (nf/QGf)
flap section hinge-moment coefficient (hf/dsz)'
normal force of alrfoll sectlion per unit span

pitching moment of airfoil sectlion about quarter-
chord point per unit span

normal force of flap section per unit span

hinge moment.of flap section per unit span

(écn
Gao 5

bcﬁ)
Cn ={ <
Gfree da, Chf=O

oay
% = bﬁf c

écnf
Cnfa = éaO>

n

6r

I e P e A g A, e P P Y T s - = N e T T - T Sy R
B SPoe el E 1 R . A ™
o v el e C - - e

an e T T e T N s Foa . PN P MG
ST T A L T BT e P e S N e



Iy NACA ARR Ho. THDO3
(Bcn€>
c =
Ty 08 /g
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dChe
Chfa . 6(10 6f
éChf
Ch_’f‘@ - aﬁf <
o}
oP
Pg = —
* <‘\’“0>5f
b = 72PN\
© = or,
The subscripts outside the parentheses indicate the

factors held constant during the measurement of the
parameter,

Subscripts:

U point on upper surface
L  point on lower surface
R resultant

APPARATUS AND NODELS

The tests were made in the NACA li- by 6-foot vertical
tunnel. The test sectlon of this tunnel has been con-
verted from the original open, circular, 5-foot-diameter
jet (reference li) to a closed rectangular li- by 6-foot
test section, as shown in figure 1. The model completely
spamed the test section; therefore, two-~dimensional flow
was approximated.

x
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The model used for the pressure-distribution tests
of this investigation was designed to be an exact copy of
the model used for the force tests in reference 3 but'
with only the 0.15cs and 0.20ce beveled-trailing-edge
shapes, The 0.15cy bevel was tested with the bevel
corner faired with both large and small radii. The
2-foot-chord model was made of lgminated mahogany to the
modified WACA 0009 profile (table I). The airfoil was
equipped with a . 0.50c plain flap, as shown in figure 2(a).
A gap of 0,005¢c was provided at the flap nose. The flap
was constructed with interchangeable blocks that formed a -
beveled trailing edge and a thickened profile, as shown
in figure 3 of reference 3.

4 single chordwise row of pressure orifices was
bullt into the upper and lower surfaces of the airfoil
and flap at the midspan location. The orifice loca-
tions ere presented in filgure 2(b) in percent of airfoil
chord from the lsading edge. The copper tubes from the
pressure orifices were brought out of the model at one
end through the torque tube and the tunnel wall to a
multiple-~tube, open~faced manometer, Readings were
recorded by a camera,

TESTS

All of the tests, except those with large flap de-
flection and high positive angle of attack (flap deflec-
tion, 30° and 45°; angle of attack, 1li.3° and 19.3%°) were
run at an average dynamic pressure of 15 pounds per
square foot. The large flap deflectlons at high positive
angles of attack required more power than was available to
maintain a dynamic pressure of 15 pounds per square foot;
therefore, these tests were run at an average dynamic
pressure of 12 pounds per squars foot, The airspeed in
the test section at dynamlic pressures of 15 and 12 pounds
per square foot is about 76 and 69 miles per hour, respec-
tively, at standard sea-level conditions. The corre-
sponding values of s2ffective Reynolds number are
2,760,000 and 2,208,000. (Effective Reynolds num-
ber = Test Reynolds number X Turbulence factor; the turbu-
lence)factor of the NACA L~ by 6-foot vertical tunnel is
1.930 ) v ‘

The tests were made at angles of attack ranging from
-20° to 20° at intervals of 5° aud at angles giving maxi-
mum positive and negative 1lift, It may be noted that all

T T T “r A Y S ———— T~ O
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angles of attack are offset from the exact values of
0°, 59, 109, 15°, and 20° by -0.7° owing %to an error
in setting the zero angle of attack. This serror was
found to be consistent throughout ths tests and the data
were corrscted accordingly. The model was tested with
the 0,30c plain flap deflected 00, 10, 29, 59, 10°,
15°, 209, 25°, 30°, and 45°. The tests were run with
the flap gap both opsn (0.005¢ gap) and sealed with
plasticine. During the tests with 30° and }j5° flap
deflection, pressure orifice 15 for the lower surface
(fig. 2{b)) was sealed becauss 1ts position at both
large flap deflections was inside the gap.

Check tests were made for each flap deflection as
an indication of the accuracy of the test results.
When the 0,005c gap was used, the check tests were made
after both angle of attack and flap deflection had been
reset. The sealed-~gep check tests had only the angle
of attack reset, because the plasticine seal would have
to be refaired if the flap deflection were changed.

The speed of the btunnel was maintained at the test
value of q for approximately 2 minutes before readings
were recorded in order to allow the alcohol in the
manometer tubes to reach the correct height,

RESULTS
Presentation of Data

The results of the pressure-distribution tests are
given in the form of diagrams of resultant pressuvres with
flap neutral and resultant-pressure increments caused by
varying the flap deflection. The resultant pressures and
increments of resultant pressure are presented for the
various bevel and gap combinations and for various angles
of attack in figures 3% to.10, The resultant normal ,
pressure at any polnt aslong the chord of the airfoil was
determined by taking the algebraic difference of the
pressures normal to the upper and lower surfaces of the
airfoll at that point.  All diagrams of resultant pres-
sures or resultant-pressure increments of the airfoll
and flap combinations are plotted as pressure coefii-
cient P or as APp. The resultant pressure coeffl-
cient is defined as '
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where
.Pu - Po
a
P, - P
P, = L o
a
P pressure coefficient
P static pressure at a point on airfoil
Po static pressure in free air stream
a dynamic pressure of free air stream

and the subscripts

U ﬁpper surface
L lower surface
R resultant

The resultant-pressure diagram for any condition may
be obtained by adding the distribution at a given angle
of attack and the distribution at a given flap deflection.
A comparison of resultant-pressure distributions over the
bevel juncture with large and small radii is presented in
figure 11 at several angles of attack and flap deflec-
tions,

: Pressure distributions for the upper and lower sur-
faces of the flap having a 0.15cy bevel with sealed gap-
are presented in figure 12 for various angles of attack
and flap deflections. The resultant pressures over the
NACA 0009 airfoil with 0.30c plain flap and sealed gap
(reference 5) are compared with the resultant pressures
over the modified airfoil with O.l5cg-bevel flap in

figure 13. Figure 1l presents upper~ and lower-surface
pressures over the plain flap and the 0.l5cpe-bevel flap
for the same conditions for which resultant pressures
are given in figure 13.

The rates of change of pressure coefflcient with
angle of attack and with flap deflection are presented for

Nt B X a TR T e
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the various bevel and gap combinations in figures 15
to 18 for convenience in calculating distributions at
small values of a, and Jp. The flap section normal-
force coefricient as a function of flap deflection 1s
presented Tor all combinations of bevel and gap in
figures 19 and 20 at several angles of attack. Com-
plete chordwise pressure distributions for various
combinatlons of ag and &f that might occur on the
horizontal tail of a dive bomber in highly accslerated
maneuvers at various speeds are presented in figure 21
for the 0.l5cp~-bevel flap with sealed gap.

The section aerodynamic coefficients of the airfoil
and flap are presented as functlons of angle of attack
for all bevel and gap combinations in figures 22 to 2l.
The coefficlents were obtained in sach case by mechanical
integration of the original pressure diagrams,

The parameter values for beveled flaps are pre-
sented in table II along with values for the plain-
alrfoil~contour flap for convenient comparison. The
plain-flap parameter values were obtained from refer-
ences 1 and 6.

Precision

The angles of attack are believed accurate within
- t0,1°, Flap deflections are believed accurate within

tp,20, Plotted values of pressure coefficient P are
correct within 2 percent except for peaks at the
leading edge end flap hinge axis or for stalled con-
ditlons,. .

Coefficient values calculated from check test points
have been plotted in flgures 19 and 22 and are designated
by flagged symbols. Many of the points coms within the
accuracy of the plot; others vary a negligible amount.
The accuracy of the corrected zero angle of attack is
indicated by the deviation from zero of 1ift and moment
coefflcients at zero angle of attaclk, From figures 19
and 22, it appears that the waximum error in setting the
angle of attack at zero 1ift is 0,2°., fThis discrepancy
may be caused by flow misalinement in the tunnel or by an
asymmetrical model. '

Two-~dimenslional flow having been approximated, the
results may be considered as section characteristics.
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Experimental tunnel corrections were applied only to the
airfoil section normal-force coefficient c¢p. Alfthough
no corrections were made for the other coefficients, the
tunnel values are believed to be higher than the free-air
values and hence are on the conservative side for struc-
tural purposes. The magnitude of the airfoll resultant
pressure coefficients as represented in the resultant-
pressure dlagrams (figs. 3 to 10) i1s known to be too large
by about 7 percent because these curves were plotted
directly from manometer records without the application
of the experimental tunnel correction, which allows for
the increase in 1ift produced by tunnel-wall interferencs.

DISCUSSION
Resultant-Pressure Distriﬁution

The resultant-pressure dlagrams should prove useful
in determining loading conditions for the structural
design of ailerons and horizontal and vertical control
surfaces, Tests have indicated that the increments of
pressure and the increments of section aerodynamic
coefficlents caused by flap deflection are approximately
independent of the airfoil section for airfoils of
approximately the same maximum thickmness and thickness
distribution (references 7 and 8). It is therefors
belleved that, for structural design, the incremental
data presented hereln may be applied to other basic
sections of approximately the same thickness and thick-
ness distribution. The Increments of the section aero-
dynamic coefficients may be taken from figures 22 to 2l
by using the flap-neutral curve as a reference line.

From a study of the incremental-resultant-pressure
curves for the stalled conditions (ap = 19.3° and -20.7°)
for both bevel chords and gap conditions (figs. li, 6, 8,
and 10), 1t avpears that the bevel continues to reduce
the flap hinge moment in the stalled condition from the
hinge moment for a plain flap under the same conditions.
The tests of beveled elevators on the fuselage of a
typical pursult airplane also indicated that the bevel
was effective In the stalled attitude and reduced the
floating angle of the elevators by about 10° (reference 9)
from the angle at which airfoil-contour elevators would
float, The resultant-pressure curves (figs. 3 to 10),
especially for the 0.005c gap, show a tendency toward a
decrease of rssultant pressure over the main airfoil just
ahead of the flap.
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The results indicate that the size of the radius at -
the bevel jJjuncture is relatively unimportent in its -
effect on the loads over a veveled-tralling-edge flap

(fig. 11).

Pressure Distribution over Upper and Lower
Surfaces of Beveled Flap

The distributions presented at various angles of
attack and flap deflections in figure 12 indicate that
only on the surface of the fiap which is deflected
against the relative wind does the bevel affect the
pressure distributlion to any great extent, The only
exceptions occur .at low angles of attack and small flap
deflections, for which the upper- and lower-surface
distributions show nearly equal effect of bevel. The
pressure distribution on the silde away from the rela-
tive wind, when at large angles of attack or flap deflec-~
tion, resémbles that of a flap and tab in a stalled

condltion,

It will be noticed 1in figure 13 that the resultant-
pressure peak at the flap hinge axis 1s higher for the -
bevelsd flap with the 0.005¢c gap than for the beveled
flap with the sealed gap. -Inasmuch as the resultant
pressure is the algebraic difference of the upper- and
lower-surface pressures at any point, the positive peak
on the lower surface makes the resultant-pressure peak
higher. (See fig. 1l.)

The pressure distribution produced over the upper
and lower surfaces of a flap by a beveled tralling edge
is compared with the pressures over a plain flap in
figure 1lj. The effect on the pressure distribution of
the besvel on the surface deflected against the relative
wind 1s more pronounced when the gap is open. The main
effect of the open gap on the flap pressure distribution
appears to be the decrease in magnituds of the negative
pressures over the upper surface of the flap, which
results 1n a tendency toward lower or even overbalanced
hinge moments,

Curves of Py, and Pjg

For convenience in calculating the pressure distri-
butions over both surfaces for small values of a4

IR TRV T Mt B L v e ROy AT n T - =
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and b6p, the curves of Py .and Pg were celculated and
are presented in figures 15 to 18. From the experi-
mental data, it was found impossible to predict with any
degree of accuracy the variation of pressure with angle
of attack over the nose of the -airfoll because ths
stagnatlion point moves considerably and the pressures
change rapidly and are not linear with angle of attack.
The variatlon of pressure with angle of attack over the
rest of the airfoil appeared from these tests to remain
a linear variation only from 0° to 5°; therefore, the
Pg-curves should not be used for calculating pressures

beyond a value of ag of 5°.

The variation of pressure with flap deflection for
any point on the sirfoil contour appeared from these
tests to be linear to 5°, The Pg-curves therefore

should not be used. for flap deflections greater than 5°.
The final pressure distribution required is found by
multiplying the values of Py and Pg Dby the values

of a5 and 06p for which the distribution is desired -

and addlng algebraically to the basic distribution
(P at ag = 6p = 0°) given in the lower part of fig-
ures 15 to 18,

FPlap Section Normal-Force Coefficient

For all combinations of bevel and gap tested, the
values of c¢pp were smaller than for the plain flap with

sealed gap at the same angles of attack. The values

of Cnp and cnf6 for beveled and plain flap may be
a

convenlently compared in table II, The variation

of Chp &8 & function of angle of attack is clearly

shown in figures 19 and 20. The efrfect of a 1is small
at 6p = 280 with the gap open and at &p = 20° with

the gap sealed.

Pressure Distribution on Horizontal Tall For

Highly Accelerated Maneuvers

The flight condition during which high structural
loads and the formation of a compression shock on the

horizontal tall are most likely to occur is a highly

L R e L N B U AN
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accelerated maneuver in which the horizontal tail is
operating at a high angle of attack at high speed. The
pressure data presented herein are not applicable to
tail design for high-speed flight unless they are cor-
rected for the variation of vpressure with Mach number,

which is given approximately by the relation 1/@5 - M2,
Theoretical variations of pressure with Mach number are
compared with experimental pressure-distribution data at
various Mach numbers in reference 10, The pressure
distributionspressnted in figure 21 at angles of attack
of -0.7°, 5.7°, and 10.7° and with flap deflections

of 0°, -5°, -10°, and ~-15° are test data that cover the
highly accelerated mansuvers estimated from unpublished
dive-bomber test data.

Asrodynamic Section Characteristics

Normel-force coefficlent.~- The force-test 1ift data

of reference % are gilven in terms of section 1ift
coefficient whereas the pressure~distribution data are
given in terms of normal-force cosrficient. Inasmuch as
the 1ift cosfficient and normal-~force coefficient have
nearly the same value, this value is referred to as "1lift"
in the following discussion.

oc
" The slope of the 1lift curve -2 from table II
dag 55

for the airfoil -with 0.1l5cy beveled trailing edge and

sealed gap is 0.088 as compared with 0,091 from the -
force-test data in reference 3, These results are in
fair agreement if account is taken of the fact that
different models and methods of calculation were used for
the force and pressure tests,

The lift-curve slopes from the force and pressure
tests for the 0.20cpy bevel with sealed gap have the same

value, 0.092. For the open gap the lift-curve slopes
from the force and pressure tests are, respectively,

0.086 and 0.087 (%able II znd reference 1). The 1lift-
curve slopes obtained from the pressure-distribution tests
appear to check wvery well with the force-test results.
Opening the gap appeared to change the angle of attack at
which the stall occurred by about 1°, This angle of
attack, approximately *12° with flap neutral, was not
affected by bevel chord.
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6a$\ _
The values of 1lift effectlveness 5?;i/ given in
/e
n

table II were taken at zero 1lift and show the expected
decrease in effectlveness as a result of the bewvelsd
trailing edge. The small radius on the bevel juncture
increased Cng about 0.003 for open and sealed gap when

compared with the lift-curve slope for the large-radius
bevel, Reducing the radius at the bevel juncture
decreased the effectiveness from -0.56 to -0.52.
The paremster cj, (table II) is a measure of
Cfree
control-free stability only at ag = &f = 0°. The

values 1n table IT indicate the expected tendsncy of the
beveled flap to float upward at a smaller angle than the
plain flap. '

A method for estimating the pressure distribution
(and normal force) over a bevel from available tab
pressure~distribution data 1s given in the appendix.
The results of this method are illustrated and a com-
parison 1s made in figure 25, at several angles of attack
and flap deflections, between actual and estimated pres-
sure distributions for a 0.20ce bevel with sealed gap

and an included angle at the trailing edge of 25°.

- Flap hings-moment coefficient.~ The wvalues of Chp
g a

(table II) were taken over the linear part of the hinge-
moment curve, which was over a small range (%5°) ror

the 0,005c-gap tests and a larger range (¥10°) for the
sealed-gap tests (figs. 22 and 2l). The values of chfﬁ

(table II) were taken from &p = 0° to &f = 5° because

the curve appeared linear over thls range. For a com-
plete picture of the effect of various bevel and gap com-
binations, all the hinge-moment curves (figs. 22 to 2l)
must be taken iInto consideration and too much reliance
should not be placed on the slope values measured over a
small part of each curve, except for stick-free stability
calculations,

The values of Chy and Che as found for the
a 8

0.15ce and 0.20cy bevels with sealed gap are in fair

agreement with the values of reference 3. Values of both
hinge-moment parameters for the 0,20c¢c bevel with 0.005c¢ gap

CLPO A A O
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were read from the curves in figure L9 of reference 1 and
were found to be in fairly close agreement,. The values
of Chr, and Chrg for both bevel chords were found

to fall near the correlation curwve of figure 150 in
reference 1 with less scatter than the average scattsr
of the correlation points.

From the values of hinge-moment parameters in
table II it appears that decreasing the radius at the
bevel juncture tends to decrease the negative values
of chfé for both gap conditions. Decreasing the

radius had no effect on the value of Che  When the gap
a

wes open but decreased the positive value when the gap
was gSealed.

Pitching-moment cosfficisnt.- The slopes of the

curves of pitching-moment coefflcient as a function of
1ift coefficient at & constant angle of attack and at a
constant flap deflection are given in tabls IT. The
aerodynamic center of additional 1ift caused by varying
the angle of attack generally was located at approxi-
metely the 0.22c¢ station for the sealed-gap tests and ths
0.21c station for the 0.005c-gap tests. The bevel chord
had little effect on the location of this aerodynamic
center,

The aerodynamic center at which the 1lift produced by
flap deflection may be considered to act is located at
approximately the 0.Lhlc station for either gap condition.
All serodynamic-center locations for the gap-sealed condi-
tion are in fair agreement with the values presented in

reference 3,

CONCLUSIONS

Preasure-distribution tests have besn made in the
NACA Li- by 6~foot vertical tunnel of a plain flap with
interchangeable beveled trailing edges on an
NACA 0009 airfoil. The flap chord was 30 percent of the
airfoil chord and the bevel chords were 15 and 20 percent
of the flap chord. The results of these tests indicated
the following conclusions;
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l. At a given angle of attack and flap deflection,
the additlion of a bevel reduced the resultant pressures
over the entire airfoil, except for the pressure at the
flap hinge axis, including the peak at the airfoll nose,
and caused a revsrsal of pressure over the beveled part
of the flap.

2. The normal-force coefficient for the beveled-
tralling-edge flap was less then the coefficient for the
plain-airfoil-contour flap with the airfoll at the same
angle of attack and the flap deflected through the same
angle,

3. The open gap at the flap nose gave the flap a
tendency toward overbaslance because of a decrease in the
negative pressures over the upper surface of a downward
deflected beveled flap and because of a slight increase
in the negative peak on the lower-surface bevel juncture.

. The size of the radius used to fair the bevel
juncture sasppeared to have no appreclable effect on the
pressure distribution developed.

5. The results obtained from the pressure-
distribution tests generally were in fair agreement with
force~test results of a comparable arrangement.

Langley Memorial Aeronautical Laboratory, °
- National Advisory Committee for Aeronautics,
Langley Field, Va.
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APPENDIX

METHOD FOR CALCULATING PRESSURE DISTRIBUTION OVER A BEVEL
FROM TAB PRESSURE-DISTRIBUTION DATA

When an elsvator, alleron, or rudder is designed,
the general practice is to use the total load over the
surface, Motion pictures of bulged fabric on ailerons
in high-speed dives indicate that the pressures along
the chord should be used to determine how securely the
covering must be fastened to the structural members. In
the case of a beveled surface for which a pressure pesk
occurs at the bevel juncture, a study of the chordwise
distribution might prevent a covering failure. A method
for predicting the chordwise pressure distribution over
a beveled surface without having to test it Is advan-
tageous, particularly as such a method supplements a
method already established for predicting the hinge-
moment characteristics.

A method for predicting the chordwise load distribu-~
tion on the flap i1s described herein. No attempt is
made to predict flap section hinge-moment coefficients;
the hinge-moment correlation based on the included angle
at the trailing edge (for sealed-gap condition) may be
found in figure 150 of refersnce 1,

The bevel contour was developed (fig. 3 of refer-
ence 3) by deflecting a 0.20cy tab %¥10° and deflecting
the flap slightly sach way to keep the tab trailing edge
centered on the airfoil chord line. Inasmuch as the
bevel profile was developed by using deflected-tab
contours, 1t was decided to use tab pressure diagrams to
estimate the pressure distribution of a beveled flap.
Only the upper-surface distribution for a tab deflected
downward and the lower-~surface distribution for a tab
deflected upward are considered. It is necessary to
correct these pressures by means of Pg to allow for the
small flap deflections necessary to keep the tab tralling
edge centered on the airfoll chord line. The resulting

diagrams (fig. 25) were integrated and found to give
values of Cnp that were in good agreement with the

bevel test data for flap deflections of 10° and 20° at
values of ag of -0.7° and L.3° (figs. 25(c), 25(d),
25(g), and 25(h)). The value of cnp based on tab
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data was in general somewhat -larger than the bevel test
value. - : \ .

At the smaller flap deflections, the values of cnf

from tab dats were generally mucih larger than from bevel
test data but, from a comparison of the values with those
for a plain flap in figure 20, the estimated values were
found to be closer to the bevel test values than to the
plaln-flap values.,

In order to use the present correlation method, it
18 necessary to have pressure-dlstribution-diaggrams for
a flap and tab of the desired chords, The tab chord
should approximately equal the distance from bevel
juncture to trailing edge.

The included angle of the bevel must be reproduced
by the correct tab and flap deflections. These deflec~-
tions must be found in order that the tab-deflection
dlagram may be chosen and corrected. Tha following
equation gives the amount that the flap must be deflected
to keep the tab trailing edge centered on the alrfoil
chord line:

¢bevel - géirfoil
2

Ce = Ct

1 %t sin
Aéf = sin

where

Prevel included angle at trailing edge of bevel (for
which prediction 1s being made)

Zo1rfoi1l Included engle at trailing edge of airfoll
from tests of which flap and tab pressure
diagrams are to be used

Ct chord of tab, percent airfolil chord

cp chord of flap, percent airfoll chord

With A46¢, %evel’ . and ﬁairfoil known the angle
through which the tab 1s deflected %6t to reproduce
the included angle of the bevel may be found by the fol-
lowing equation:

gfe&el - gairfoil
6, = Abp + 5 (1)
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It may be noticed in figure 25 that the tab data used
were for &+ = *100 whereas equation (1) gives

= +8,4,0°. By using the diagrams for 6t = +10°, the
included angle was found to be 27.6° instead of the
correct value of 25°; but, inasmuch as the correlation
for the hinge-moment parameters based on included angle
shows a change of 0.001 in the value of the hinge-moment
parameters for a change of 2° in the included angle, there
could be only a slight change in the slize or shape of thse
pressure diagram.




NACA ARR No. LID03 19

REFERENCES

Sears, Richard I.: Wind-Tunnel Data on the Aerody-
namic Characteristics of Airplane Control Surfaces.
NACA ACR No. 3L08, 1943,

Ames, Milton B., Jr., and Sears, Richard I.: Deter-
mination of Control-Surface Characteristics from
NAﬁA Plain-Flap and Tab Data., NACA Rep. No. 721,
i941. ‘

Jones, Robert T., and Ames, Milton B., Jr.: Wind-
Tunnel Investigation of Control-Surface Character-
istics. V - The Use of a Beveled Tralling Edge
to Reduce the Hinge Moment of a Control Surface.
NACA ARR, March 1942,

Wenzinger, Carl J., and Harrls, Thomas A.: The
Vertical Wind Tunnel of the National Advisory’
Committee for Aeronautics, NACA Rep. No. 387,

1931,

Ames, Milton B., Jr., and Sears, Richard I.: Pressure-
Distribution Investigation of an N,A.C.A. 0009 Air-
foll with a 30-Percent-Chord Plain Flap and Three
Tabs. NACA TN No. 759, 19L0.

Sears, Richard I.: Wind-Tunnel Investigation of
Control-Surface Characteristics., I - Effect of
Gap on the Aerodynamlc Characteristics of an
NACA 0009 Airfoll with a 30-Percent-Chord Plain
Flap. NACA ARR, June 1941.

Allen, H. Julian: Calculation of the Chordwise Load
Distribution over Airfoil Sections with Plain,
Split, or Serially Hinged Trailing-Edge Flaps.
NACA Rep. No. 63l, 193

Allen, H. Julian: A Simplified Method for the Calcu-
lation of Airfoil Pressure Distribution.
NACA TN No. 708, 19%9,

G1llis, Clarence L.: Characteristics of Bewveled-
Trailing-Edge Elevators on a Typical Pursuilt
Fuselage at Attitudes Simulating Normal Flight and
Spin Conditions. NACA ARR, Dec. 1942.




20

10.

NACA ARR No. ILDO3

Stack, John, Lindsey, W. F., and Littell, Robert E.:
The Compressibility Burble and the Effect of
Compressibility on Pressures and Forces Acting on
an Airfoll. NACA Rep. No. 6L6, 1938.

T, —rorrT - s T TR T L T T T I T T T
R B o i O L I R AP A e L SN N
S AR B N ey e T e I ST R SR e



HACA ARR No. LLDO3 TABLE I

ORDINATES CF HODIFIED NACA 0009 AIRFQIL

[Etations and ordinates in percent of airfoill choré]

Station Ordinate
0 0
1.25 +1.42
2.5 $1.96
5.0 C 12,67
NACA 0009
75 +3.15
alrfoil
1 3,51
sectlon
15 #,.01
20 1,30
25 A TS
30 : i,.50
Lo .35
50 3.97
60 3 L2
70 ‘ +2.83
Straight
80 2,25
portion ,
90 £1.67
100 *1.08

L.E. racdius: 0.39
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TABLE II

SUMMARY OF CHARACTERISTICS OF PLAIN FLAP AND BEVELED FLAPS

’ <f50n QCn_ .
o o)
ngge cap <6Chf> < Chf> Qg 6r 0 eng=0 (éao > ( > <écn> <&>cnf>
6 N\
flap £ o 9o 8pi (Control] (Control e Cn \O°n 0cn 0br 0%o o
fixed) free)
Plain |Sealed| -0.0120| -0.0065{ 0.098 0.066 -0.60 0.010] -0.151{ 0.039 0.022
0.005¢| -.0118| -.0066| .096 . 066 =56} L010| ~=.151f-meemmee e e

0.15cy |Sealed| -0.005 0.0015| 0.088 0.102 -0.56 0.026} -0. 12 0.03%0 0.008

bevel [0.005¢c| =~.001 .0030| .082 5l -7 . 039 8 .027 .006
0.20cy |Sealed| -0.0068] -0.0006 o.ogz 0.087 -0.57 0.029| -0.16l] 0.031 0.009

bevel |0+005¢| ~-.0035 .0002{ .087 .089 ~0L7 00301 -.157 .029 .010
O.lSOf

bevel |Sealed| -0.0030{ 0.0007{ .0.091 0.102 -0.22 0.02l| -0.154| 0.030 0.008
(small |0.005¢c| -.0005 .0030{ ,085 .320 -6 031} -.1[2 .027 .007
radius)

{
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